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PREFACE
The 1992 Quadrennial Ozone Symposium was held from June 4 to
13 at the University of Virginia in the United States of America.
This was the seventeenth symposium organized by the International
Ozone Commission and was equal in size to the symposium held in
1988. The symposium was devoted to all aspects of atmospheric
ozone, covering both the troposphere and stratosphere. Almost 500
scientists from 35 countries participated in this international
event. Over 400 papers were presented orally or as posters. The
oral papers were divided into the following sessionsz-
Troposphere
(a) Ozone Trends and Climatology
(b) Global and Regional Modeling
(c) Ozonez The Human Impact
Stratosphere
(a) Ozone and Climate
(b) Measurements
(c) Results from Upper Atmosphere Research Satellite
(d) The Arctic
(e) The Antarctic
(f) Trends
(g) Theory and Modelling
(h) Volcanic Effects
Published in these two volumes are two hundred and thirty two
of the presented papers. All papers have passed an initial review
process. However, in order to produce this publication as quickly
as possible, it was left to the authors to accommodate the
reviewer's comments without editorial scrutiny of their final
submission. These papers have been divided into sections that do
not necessarily follow those of the oral presentations. This is due
partly to the fact that some presented papers were not submitted
for publication, and partly because the poster papers did not
always fit into the categories used for the oral papers.
The Editor wishes to acknowledge the assistance rendered by
many colleagues who responded with time and effort to review the
numerous manuscripts.
Robert D. Hudson
College Park
Maryland
iii _ PAGE BLANK NOT FII,.MED

CONTENTS
PART I
TROPOSPHERE
OZONE TRENDS AND CLIMATOLOGY
Trends in Surface Ozone Over Europe, 1978-1992
P.S. Low, P.M. Kelly and T.D. Davies ....................
Tropospheric Ozone at 45°S
W.A. Matthews ...........................................
Measurements of Lower Tropospheric Ozone at Mid-Latitudes
of the Northern and Southern Hemisphere
H.E. Scheel, R. Sladkovic, E.G. Brunke, W. Seiler .......
Analysis of a 7 Year Tropospheric Ozone Vertical
Distribution at the Observatoire De Haute Provence
M. Beekmann, G. Ancellet and G. Megie ...................
Ozone Measurements from a Global Network of Surface Sites
S.J. Oltmans, H. Levy II ................................
Broad Features of Surface Ozone Variations Over Indian Region
R.R. Shende, K. Jayaraman, C.R. Sreedharan
and V.S. Tiwari .........................................
Tropospheric Ozone Measurements at the Equatorial Region
(1980-88)
M. Ilyas ................................................
Specific Features of Space-Time Variations of Ozone During
The Development of Intensive Tropical Disturbances
A.F. Nerushev and V.I. Vasiliev .........................
Annual Variability of Ozone Along Alpine Hillsides
E. Putz and W. Kosmus ..................................
The Vertical Distribution of Ozone at Pretoria from July
1990 to June 1991 and its Changes
M. Zunckel, R.D. Diab, C.B. Archer and
M.W.J. Scourfield .......................................
Seasonal Budgets of Ozone and Oxidant Precursors in an
Industrial Coastal Area of Northern Italy
T. Georgiadis, L. Alberti, P. Bonasoni, F. Fortezza,
G. Giovanelli and V. Strocchi ...........................
ii
15
19
24
33
37
41
45
48
v r'_,_ PA_ LANK NOT FLMEm
GLOBAL AND REGIONAL MODELING
Tropospheric Ozone in the Western Pacific Rim= Analysis of
Satellite and Surface-Based Observations Along With
Comprehensive 3-D Model Simulations
Y. Sunwoo and G.R. Carmichael ...........................
Simulations of Isoprene - Ozone Reactions for a General
Circulation/Chemical Transport Model
P.A. Makar and J.C. McConnell ...........................
Ozone Formation During an Episode Over Europe: A 3-D
Chemical/Transport Model Simulation
T. Berntsen and I.S.A. Isaksen ..........................
Estimates of the Changes in Tropospheric Chemistry Which
Result From Human Activity and Their Dependance on NO x
Emissions and Model Resolution
M. Kanakidou, P.J. Crutzen and P.H. Zimmermann ..........
Comparison and Analysis of Aircraft Measurements and
Mesoscale Atmospheric Chemistry Model Simulations of
Tropospheric Ozone
J.E. Pleim and J.K.S. Ching .............................
Sources and Distribution of NO x in the Upper Troposphere at
Northern Midlatitudes
F. Rohrer, D.H. Ehhalt and A. Wahner ....................
A Global Numerical Study of Radon n2 and Lead 21° in the
Atmosphere Using the AES and York University CDT General
Circulation Model, (AYCG)
S.R. Beagley, J. de Grandpre, J.C. McConnell,
R. Laprise and N. McFarlane .............................
On the Transport of Trace Gases by Extra-Tropical Cyclones
M.A.F. Allaart, L.C. Heijboer and H. Kelder .............
An Analysis of the Impacts of Global Climate and Emissions
Changes on Regional Tropospheric Ozone
K. John, K.C. Crist and G.R. Carmichael .................
Estimates of Ozone Response to Various Combinations of NO x
and VOC Emission Reductions in the Eastern United States
S.J. Roselle, K.L. Schere and S-H. Chu ..................
Modeling Ozone Episodes in the Baltimore-Washington Region
W.F. Ryan ...............................................
Numerical Simulation of the Interaction of Transport,
Diffusion and Chemical Reactions in an Urban Plume
B. Vogel, H. Vogel and F. Fiedler .......................
53
57
62
66
7O
74
78
82
85
89
93
97
vi
A Trajectory Modeling Investigation of the Biomass Burning -
Tropical Ozone Relationship
K.E. Pickering, A.M. Thompson, D.P. McNamara,
M.R. Schoeberl, L.R. Lait, P.A. Newman,
C.O. Justice and J.D. Kendall ........................... 101
Enhancement of Free Tropospheric Ozone Production by Deep
Convection
K.E. Pickering, A.M. Thompson, J.R. Scala, W.K. Tao,
R. Dickerson and J. Simpson ............................. 105
The Sensitivity of Tropospheric Chemistry to Cloud Inter-
actions
J.E. Jonson and I.S.A. Isaksen .......................... 109
MEASUREMENTS
Tropospheric Ozone and Aerosol Variability Observed at High
Latitudes with an Airborne Lidar
E.V. Browell, C.F. Butler, M.A. Fenn, S.A. Kooi
and W.B. Grant .......................................... 115
Direct Measurement of Tropospheric Ozone using TOMS Data
R.D. Hudson and J-H. Kim ................................ 119
Ozone Transport During a Cut-Off Low Event Studied in the
Frame of the TOASTE Program
G. Ancellet, M. Beekmann, A. Papayannis and G. Megie .... 122
A Novel Ozone Sensor for Various Environmental Applications
H. Gusten G. Heinrich, R.W.H. Schmidt and U. Schurath... 127
Surface Ozone Variabaility at Kislovodsk Observatory
N.F. Elansky, O.V. Makarov and I.A. Senik ............... 130
Carbon Monoxide Measurements at Mace Head, Ireland
B.G. Doddridge, R.R. Dickerson, T.G. Spain,
S.J. Oltmans and P.C. Novelli ........................... 134
Episodes of Vertical and Horizontal Ozone Transport
Monitored at Italy's Mt. Cimone Observatory
T. Colombo, V. Cundari, P. Bonasoni, M. Cervino,
F. Evangelisti, T. Georgiadis and G. Giovanelli ......... 138
Evaluation of the Production and the Destruction of Ozone
in the Lower Atmosphere
H. Muramatsu ............................................ 142
Determination of Dry Deposition of Ozone: Comparison of
Different Measuring Techniques
I. Colbeck and A. Simmons ............................... 146
vii
Turbulent Transport and Production/Destruction of Ozone in a
Boundary Layer Over Complex Terrain
G.K. Greenhut, A.M. Jochum, and B. Neininger ............ 150
Transport into the Troposphere in a Tropopause Fold/Cut-Off
Low System
G. Vaughan, J.D. Price and A. Howells ................... 154
Large-Scale Circulation Patterns Associated with High
Concentrations of Tropospheric Ozone in the Tropical South
Atlantic Ocean
K.M. Fakhruzzaman, J. Fishman, V.G. Brackett,
J.D. Kendall and C.O. Justice ........................... 158
Airborne Measurements of Biomass Burning Products over
Africa
G. Helas, J. Lobert, J. Goldammer, M.O. Andreae,
J.P. Lacaux and R. Delmas ............................... 162
Long Path Monitoring of Tropospheric 03, NO2, H2CO and SO 2
A.C. Vandaele, M. Carleer, R. Colin and P.C. Simon ...... 166
Results of Ozone Measurements in Northern Germany
- A Case Study -
M. Schmidt .............................................. 170
The Gradient of Meteorological and Chemical Variables
across the Tropopause
R.R. Dickerson, B.G. Doddridge, O. Poulida and
M.A. Owens .............................................. 174
STRATOSPHERE
TRENDS
Long-Term Observed Ozone Trends in the Free Troposphere and
Lower Stratosphere
J. London ............................................... 181
Trend Analysis of the Long-Term Swiss Ozone Measurements
J. Staehelin, J. Bader and V. Gelpke .................... 186
On Long-Term Ozone Trends at Hohenpeissenberg
H. Claude, W. Vandersee and K. Wege ..................... 190
Total Ozone Trends over the U.S.A. During 1979-1991 from
Dobson Spectrophotometer Observations
W.D. Komhyr, R.D. Grass, G.L. Koenig, D.M. Quincy,
R.D. Evans and R.K. Leonard ............................. 195
VIII
Ozone Trends Estimated from Umkehr Observatons Made at
Edmonton, Alberta, Canada
C.T. McElroy, E.W. Hare and J.B. Kerr ................... 199
Statistic Analysis of Annual Total Ozone Extremes for the
Period 1964-1988
J.W. Krzyscin ........................................... 203
Long-Term Changes in the Statistical Distribution of Dobson
Total Ozone in Selected Northern Hemisphere Geographical
Regions
J.W. Krzyscin ........................................... 207
Recalculated Values of the Total Ozone Amount Over Oslo,
60 ° N, for the Period 1979-1992
S.H.H. Larsen, T. Svendby, F. Tonnessen and A. Dahlback. 211
TOMS Total Ozone Data Compared With Nothern Latitude Dobson
Ground Stations
B. Heese, K. Barthel, and O. Hov ........................ 215
Systematic Comparison Between the Ground Based Automated
Dobson of the Observatory of Haute-Provence and TOMS
Since 1983
M.F. Merienne, A. Barbe and P. Da Conceicao ............. 219
Total Ozone Change Estimations for Different Time Intervals
V.E. Fioletov ........................................... 223
Difference Between Recalculated and Original Dobson Total
Ozone Data From Hradec Kralove, Czechoslovakia, 1962-1990
K. Vanicek .............................................. 226
Comparison of Recalculated Dobson and TOMS Total Ozone at
Hradec Kralove, Czechoslovakia, 1978-1990
M. Stanek and K. Vanicek ................................ 229
Fractal Characteristics of Ozonometric Network
A.N. Gruzdev ............................................ 232
Characterization and Analysis of the Nimbus-7 SBUV Data in
the "Non-Sync" Period (February 1987 - June 1990.)
J.F. Gleason, R.D. McPeters and J.R. Herman ............. 236
Revision of the Dobson Total Ozone Series at Hohenpeissenberg
U. Kohler ............................................... 240
The Global Distribution of Ozone Destruction Rates Obtained
from 13 Years of Nimbus/TOMS Data (1979-1991)
J.R. Herman, R.S. Stolarski, R. McPeters and
D. Larko ................................................ 244
ix
Depletions in Winter Total Ozone Values over Southern England
A. Lapworth ............................................. 249
Stable Ozone Layer in Norway and USSR
K. Henriksen, T. Svenoe, E.I. Terez, G.A. Terez,
V. Roldugin and S.H.H. Larsen ........................... 254
Long-TermTrend of Selected Halogenated Hydrocarbons
R. Borchers, R. Gunawardena and R.A. Rasmussen .......... 259
Status of the Dobson Total Ozone Data Set
W.G. Planet and R.D. Hudson ............................. 263
Results of International Dobson Spectrophotometer
Calibrations at Arosa, Switzerland, 1990
R.D. Grass, W.D, Komhyr, G.L. Koenig and R.D. Evans ..... 266
Deformation of the Total Ozone Content Field in the Tropical
Zone
V.I. Vasiliev ........................................... 271
Total Ozone Trend over Cairo
G.K.Y. Hassan ........................................... 275
THEORY AND MODELING
Three Dimensional Model Calculations of the Global Dispersion
of High Speed Aircraft Exhaust and Implications for
Stratospheric Ozone Loss
A.R. Douglass, R.B. Rood, C.H. Jackman and
C.J. Weaver ............................................. 281
Qualitative Study of the Behavior of Minor Species During
a Stratospheric Warming with a 3-D Model
R. Ramaroson, M. Pirre, and D. Cariolle ................. 285
Connection Between Total Ozone Fields and Lower
Stratospheric Dynamics
G. Vaughan, A. Howells and J.D. Price ................... 290
Model/Data Comparisons of Ozone in the Upper Stratosphere
and Mesosphere
D.E. Siskind, E.E. Remsberg, R.S. Eckman,
B.J. Connor, J.J. Tsou and A. Parrish ................... 294
On the Relevance of the Methane Oxidation Cycle to
"Ozone Hole" Chemistry
R. Muller and P.J. Crutzen .............................. 298
Effects of Stratospheric Aerosol Surface Processes on the
LLNL Two-Dimensional Zonally Averaged Model
P.S. Connell, D.E. Kinnison, D.J. Wuebbles, J.D. Burley,
and H.S. Johnson ........................................ 302
Evolution of Chemically Processed Air Parcels in the Lower
Stratosphere
R.S. Stolarski, A.R. Douglass and M.R. Schoeberl ........ 307
Observational Evidence and Dynamical Interpretation of the
Total Ozone Variations in the Equatorial Region
M. Shiotani and F. Hasebe ............................... 310
A 3-D Model Study of Ozone Eddy Transport in the Winter
Stratosphere
N.C. Hsu and D.M. Cunnold ............................... 314
Impact of Supersonic and Subsonic Aircraft on Ozone=
Including Heterogeneous Chemical Reaction Mechanisms
D.E. Kinnison and D.J. Wuebbles ......................... 318
An Investigation of the Processes Controlling Ozone in the
Upper Stratosphere
K.O. Patten, Jr., P.S. Connell, D.E. Kinnison,
D.J. Wuebbles, J. Waters, L. Froidevaux and
T.G. Slanger ............................................ 322
A New Mathematical Formulation of the Line-By-Line Method
in Case of Weak Line Overlapping
A.G. Ishov and N.V. Krymova ............................. 326
The Chemistry of Bromine in the Stratosphere: Influence of
a New Rate Constant for the Reaction BRO+HO 2
M. Pirre, F.J. Marceau, G. Le Bras, F. Maguin,
G. Poulet and R. Ramaroson .............................. 330
The Ozone Depletion Potentials of Halocarbons: Their
Dependence of Calculation Assumptions
I.L. Karol and A.A. Kiselev ............................. 334
Model Evaluation of the Radiative and Temperature Effects
of the Ozone Content Changes in the Global Atmosphere of
1980-IES
I.L. Karol and V.A. Frolkis ............................. 338
A Search for Relativistic Electron Induced Stratospheric
Ozone Depletion
A. C. Aikin ............................................. 342
Impact of Stratospheric Aircraft on Calculations of Nitric
Acid Trihydrate Cloud Surface Area Densities Using NMC
Temperatures and 2D Model Constituent Distributions
D.B. Considine and A.R. Douglass ........................ 347
×i
The Response of Middle Atmospheric Ozone to Solar UV
Irradiance Variations with a Period of 27 Days
L. Chen, G. Brasseur and J. London ...................... 351
What Can We Learn from Relaxation Measurements of a
Laser-Perturbed Atmosphere? A Modeling Study
A. Clericetti, H. van den Bergh and M.J. Rossi .......... 355
A Detailed Evaluation of Heating Processes in the Middle
Atmosphere
M. Mlynczak and S. Solomon .............................. 359
Effective UV Radiation from Model Calculations and
Measurements
U. Feister and R. Grewe ................................. 363
Impact of Stratospheric Aircraft Emissions on Ozonez A two
Dimensional Model Study
M. Natarajan, L.B. Callis, R.E. Boughner and
J.D. Lambeth ............................................ 367
Ozone and Stratospheric Height Waves or Opposite Phases of
the QBO
K.C. Mo and J.Nogues-Paegle ............................. 370
Infrared Absorption Cross Sections of Alternative CFC's
C. Clerbaux, R. Colin and P.C. Simon .................... 374
Distribution of Ozone Between 60 degrees North and
60 Degrees South
E. Mravlag and M.W.J. Scourfield ........................ 378
Ozone Maxima Over Southern Africa: A Mid-Latitude Link
J. Barsby and R.D. Diab ................................. 382
Efficient Ozone Generator for Ozone Layer Enrichment from
a High Altitude Balloon
I.V. Filiouguine, S.V. Kostiouchenko,
N.N. Koudriavtsev and S.M. Starikovskaya ................ 386
On Ozone Correlation with Meteofields in the Northern
Hemisphere
T.V. Kadygrova and V.E. Fioletov ........................ 390
Manifestation of Quasi-Biennial Oscillation in Ozone Vertical
Distribution
S.A. Sitnov and A.N. Gruzdev ............................ 393
Quasi-Bennial Oscillation in Total Ozone: Global Behaviour
Derived from Ground-Based Measurements
A.N. Gruzdev and I.I. Mokhov ............................ 397
×ii
Total Ozone Seasonal and Interannual Variations in the
Principal Air Masses of the Northern Hemisphere in 1975-1990
I.L. Karol, L.P. Klyagina, A.M. Shalamyansky and
S.V. Jagovkina .......................................... 401
Solar Proton Effects on Austral Ozone During the Final Months
of 1989
J.A.E. Stephenson and M.W.J. Scourfield ................. 405
Model Evaluation of the Radiative and Temperature Effects of
the Ozone Content Change in the Global Atmosphere of 1980-IES
I.L. Karol and V.A. Frolkis ............................. 409
Temperature Dependent Absorption Cross-Sections of HNO 3
and N205
O.V. Rattigan, M.H. Harwood, R.L. Jones and R.A. Cox .... 413
Radiative Forcing Perturbation due to Observed Increases in
Tropospheric Ozone at Hohenpeissenberg
W-C. Wang, R.D. 8ojkov and Y.C. Zhuang .................. 417
Temperature Dependence of Ultraviolet Absorption
Cross-Sections of Alternative Hydrochlorofluorocarbons
D. Gillotay, P.C. Simon and L. Dierickx ................. 421
Ultraviolet Absorption Cross-Section of some Carbonyl
Compounds and their Temperature Dependence
D. Gillotay, P.C. Simon and L. Dierickx ................. 425
Climate-Chemical Interactions and Greenhouse Effects of
Trace Gases
G-Y. Shi and X-B. Fan ................................... 429
A General Circulation Model Study of the Climatic Effect of
Observed Stratospheric Ozone Depletion Between 1980 and 1990
M.P. Dudek, W-C. Wang, X.Z. Liang and Z. Li ............. 433
APPENDIX
Author Index ................................................. A-1
xiii
PART II
STRATOSPHERE
RESULTS FROM THE UPPER ATMOSPHERE RESEARCH SATELLITE
Measurements of Stratospheric NO, NO 2 and N20 s By ISAMS:
Preliminary Observations and Data Validation
B.J. Kerridge, J. Sallard, R.J. Knight, A.D. Stevens,
J. Reburn, P. Morris, J.J. Remedios and F.W. Taylor ..... 439
Measurements of Stratospheric Constituents By ISAMS
C.D. Rodgers, F.W. Taylor, J.J. Barnett, M.Corney,
A. Dudhia, M.A. Lopez-Valverde, C.J. Marks, P. Morris,
T. Nightingale, J.J. Remedios, D. Roisin, R.J. Wells,
J. Ballard, B.J. Kerridge, R.J. Knight, A. Chu,
B.J. Connor and C. Scheuer .............................. 444
Comparison of NOAA/NMC Stratospheric Wind Analyses with UARS
High Resolution Doppler Imager Wind Measurements
A.J. Miller, P.B. Hays, V. Abreu, C. Long and D. Kann... 448
The Validation of Ozone Measurements from the Improved
Stratospheric and Mesospheric Sounder
B.J. Connor, C.J. Scheuer, D.A. Chu, J.J. Remedios,
C.J. Marks, C.D. Rodgers and F.W. Taylor ................ 452
ISAMS Observations of Stratospheric Aerosol
A. Lambert, J.J. Remedios, A. Dudhia, M. Corney,
B.J. Kerridge, C.D. Rodgers and F.W. Taylor ............. 456
Preliminary Results from the ISAMS NO Channel: Thermospheric
Radiances
J. Ballard, B.J. Kerridge and F.W. Taylor ............... 459
THE ARCTIC
Simulations of Arctic Ozone Depletion with Current and
Doubled Levels of CO 2
N. Butchart, J. Austin and K.P. Shine ................... 467
Laboratory Measurements of Polar Stratospheric Cloud Rate
Parameters
R.D. Kenner, I.C. Plumb and K.R. Ryan ................... 471
Laboratory Simulations of NAT Formation Approaching
Stratospheric Conditions
J. Marti and K. Mauersberger .................. , ......... 475
xiv
Arctic Polar Stratospheric Cloud Measurements By Means of
a Four Wavelength Depolarization Lidar
L. Stefanutti, F. Castagnoli, M. del Guasta, C. Flesia,
S. Godin, J. Kolenda, H. Kneippp, E. Kyro, R. Matthey,
M. Morandi, P. Rairoux, V.M. Sacco, B. Stein, V. Venturi,
D. Weidauer, J.P. Wolf, L. Woeste and L. Zuccagnoli ..... 479
Measurements of Stratospheric Ozone and Aerosols above
Spitsbergen
R. Neuber, G. Beyerle, O. Schrems, R. Fabian,
P. vonder Gathen and B.C. Kruger ....................... 483
Balloon-Borne Measurements of the Ultraviolet Flux in the
Arctic Stratosphere During Winter
C. Schiller, M. Muller, E. Klein, U. Schmidt and
E-P. Roth ............................................... 488
Caculations of Arctic Ozone Chemistry using Objectively
Analyzed Data in a 3-D CTM
J.W. Kaminski, J.C. McConnell and J.W. Sandilands ....... 492
Three-Dimensional Modelling of Trace Species in the Arctic
Lower Stratosphere
M. Chipperfield, D. Cariolle, P. Simon
and R. Ramaroson ....................................... 496
Investigation of the Structure and Dynamics of the Ozone
Layer in the Eastern Arctic Region During EASOE Campaign
V. Khattatov, V. Yushkov, V. Rudakov, I. Zaitsev,
J. Rosen and N. Kjome ................................... 500
Temporal Development of the Correlation Between Ozone and
Potential Vorticity in the Arctic in the Winters of 1988/89,
1989/90 and 1990/91
B. Knudsen, P. vonder Gathen, G.O. Braathen, R. Fabian,
T.S. Jorgensen, E. Kyro, R. Neuber and
M. Rummukainen .......................................... 504
Modelling Stratospheric Polar Ozone Using Objective Analysis
J.W. Sandilands, J.W. Kaminski, J.C. McConnell,
S.R. Beagley and N. McFarlane ........................... 508
Intercomparison Between Ozone Profiles Measured Above
Spitsbergen by Lidar and Sonde Techniques
R. Fabian, P. vonder Gathen, J. Ehlers, B.C. Kruger,
R. Neuber and G. Beyerle ................................ 512
Lidar Measurements of Ozone and Aerosol Distributions
During the 1992 Airborne Arctic Sratospheric Expedition
E.V. Browell, C.F. Butler, M.A. Fenn, W.B. Grant,
S. Ismail and A.F. Carter ............................... 516
XV
Stratospheric OCIO and NO 2 Measured by Groundbased UV/VIS-
Spectroscopy in Greenland in Jan/Feb 1990 and 1991
A. Roth and D. Perner ................................... 520
Column Amounts of Trace Gases from Ground Based FTIR
Measurements in the Late North Polar Winters 1990 and 1991
G. Adrian, T. Blumenstock, H. Fisher, E. Frank,
L. Gerhardt, T. Gulde, G. Maucher, H. Oelhaf,
P. Thomas, and O. Trieschmann ........................... 524
Stratospheric Minor Species Vertical Distributions During
Polar Winter By Balloon Borne UV-VIS Spectrometry
J-P. Pommereau and J. Piquard ........................... 528
Average Ozone Vertical Distribution at Sodankyla Based on
the 1988-1991 Ozone Sounding Data
E. Kyro, M. Rummukainen, P. Taalas and A. Supperi ....... 532
The Evolution of Synoptic Ozone Anomalies During the
European Arctic Stratospheric Ozone Experiment in Winter
1991/92
C.S. Zerefos, D.S. Balis, A.F. Bais, I.C. Ziomas,
K. Tourpali, C. Meleti, P. Tzoumaka, H.T. Mantis,
C.C. Repapis, V.E. Fioletov, V.U. Khattatov,
and R.D. Bojkov ......................................... 535
Measurements of the Vertical Profile Diurnal Variation, and
Secular Change of ClO in the Stratosphere Over Thule,
Greenland, February-March, 1992
R.L. de Zafra, L.K. Emmons, J.M. Reeves and
D.T. Shindell .......................................... 540
Observed Changes in the Vertical Profile of Stratospheric
Nitrous Oxide at Thule, Greenland, February-March, 1992
L.K. Emmons, J.M. Reeves, D.T. Shindell and
R.L. de Zafra ........................................... 543
Ozone Laminae Near the Edge of the Stratospheric Polar Vortex
S.J. Reid and G. Vaughan ................................ 546
Ozone, Aerosols and Polar Stratospheric Clouds Measurements
During the EASOE Campaign
S. Godin, G. Megie, C. David, V. Mitev, D. Haner,
Y. Emery, C. Flesia, V. Rizi, G. Visconti and
L. Stefanutti ........................................... 550
THE ANTARCTIC
Reinterpretation of Ozone data from "Base Roi Baudouin"
H. Kelder and C. Muller ................................. 557
Systematic Stratospheric Observations on the Antarctic
Continent at Dumont D'Urville
S. Godin, A. Sarkissian, C. David, G. Megie,
J-P. Pommereau, F. Goutail, P. Aimedieu, J. Piquard,
E. La Bouar, L. Stefanutti, M. Morandi,
and M. del Guasta ....................................... 561
Observation of Ozone and Aerosols in the Antarctic Ozone
Hole of 1991 under the Polar Patrol Balloon (PPB) Project-
Preliminary Result
M. Hayashi, I. Murata, Y. Iwasaka, Y. Kondo and
H. Kanzawa .............................................. 565
Year-Round Measurements of Ozone at 66°S with a Visible
Spectrometer
H.K. Roscoe, D.J. Oldham, J.A.C. Squires,
J-P. Pommereau, F. Goutail and A. Sarkissian ............ 569
Ground Based NO 2 and 03 Measurements by Visible Spectrometer
at Syowa Base (69°S), Antarctica
Y. Kondo, W.A. Matthews, P.V. Johnson, M. Hayashi,
M. Koike, Y. Iwasaka, A. Shimizu, A. Budiyono,
T. Yamanouchi and S. Aoki ............................... 573
Ozone Vertical Profile Changes Over South Pole
S.J. Oltmans, D.J. Hofmann, W.D. Komhyr and
J.A. Lathrop ............................................ 578
Quantitative Characterization of the Antarctic Ozone Hole
T. Ito, Y. Sakoda, K. Matsubara, T. Takao, K. Akagi,
Y. Watanabe, S. Shibata and H. Naganuma ................. 582
PSC and Volcanic Aerosol Routine Observations in Antarctica
by UV-Visible Ground-Based Spectrometry
A. Sarkissian, J-P. Pommereau and F. Goutail ............ 586
Ozone Profiles Over McMurdo Station, Antarctica, during
August, September, and October of 1986-1991
T. Deshler and D.J. Hofmann ............................. 590
An Observational Study of the Ozone Dilution Effect : Ozone
Transport in the Austral Spring Stratosphere
R.J. Atkinson and R.A. Plumb ............................ 594
Long-Term Ozone and Temperature Correlations above Sanae,
Antarctica
G.E. Bodeker and M.W.J. Scourfield ...................... 598
Four Years of Ground-Based Total Ozone Measurements by
visible Spectrometry in Antarctica
F. Goutail, J-P. Pommereau and A. Sarkissian ............ 602
xvii
Trajectory Analysis of Polar Patrol Balloon (PPB) Flights
in the Stratosphere over Antarctica in Summer and Spring: A
Preliminary Result
H. Kanzawa, R. Fujii, K. Yamazaki and M.D. Yamanaka ..... 606
Measurements of Stratospheric Odd Nitrogen at Arrival
Heights, Antarctica, in 1991
J.G. Keys, P.V. Johnson, R.D. Blatherwick and
F.J. Murcray ............................................ 610
VOLCANIC EFFECTS
NO 2 Column Changes Induced by Volcanic Eruptions
P.V. Johnston, J.G. Keys, and R.L. McKenzie ............. 615
Modulations of Stratospheric Ozone by Volcanic Eruptions
C. Blanchette and J.C. McConnell ........................ 619
Effects of the Mt. Pinatubo Eruption on the Radiative and
Chemical Processes in the Troposphere and Stratosphere
D.E. Kinnison, K.E. Grant, P.S. Connell
and D.J. Wuebbles ....................................... 623
UV Spectral Irradiance Measurements in New Zealand: Effects
of Pinatubo Volcanic Aerosol
R.L. McKenzie ........................................... 627
Volcanic-Aerosol-Induced Changes in Stratospheric Ozone
Following the Eruption of Mt. Pinatubo
W.B. Grant, E.V. Browell, J. Fishman, V.G. Brackett,
M.A. Fenn, C.F° Butler, D. Nganga, A. Minga, B. Cros,
S.D. Mayor, G.D. Nowicki, R.E. Veiga, L.L. Stowe,
and C.S. Long ........................................... 631
Stratospheric Aerosol Increase after the Eruption of
Pinatubo Observed with LIDAR and Aureolemeter
S. Hayashida, Y. Sasano, H. Nakane, I. Matsui and
T. Hayasaka ............................................. 635
GROUND-BASED MEASUREMENTS
Checking Ozone Amounts by Measurements of UV-Irradiances
G. Seckmeyer, C. Kettner and S. Thiel ................... 641
Results from Two Years of Ozone Data Taken with a New,
Ground-Based Microwave Instrument: An Overview
A. Parrish, B.J. Connor, J.J. Tsou, I.S. McDermid,
W.P. Chu and D.E. Siskind ............................... 645
_viii
LIDAR Measurements of Stratospheric Ozone at Table Mountain,
California, Since 1988
I.S. McDermid, M. Schmoe and T. D. Walsh ................ 649
Airmass Dependence of the Dobson Total Ozone Measurements
M. Degorska and B. Rajewska-Wiech ....................... 653
UV-B Radiation Amplification Factor Determined based on the
Simultaneous Observation of Total Ozone and Global Spectral
Irradiance
T. Ito, Y. Sakoda, K. Matsubara, R. Kajihara, T. Uekubo,
M. Kobayashi, M. Shitamichi, T. Ueno and M. Ito ......... 657
Visible Light Nitrogen Dioxide Spectrophotometer
Intercomparison: Mt. Kobau, British Columbia July 28 to
August i0, 1991
C.T. McElroy, A. Elokhov, N. Elansky, H. Frank,
P. Johnston and J.B. Kerr ............................... 663
The Daytime Course of Total Ozone Content Caused by Cloud
Convection
A. G. Ishov ............................................. 667
Measurements of Stratospheric Composition Using a Star
Pointing Spectrometer
D.J. Fish, R.L. Jones, R.A. Freshwater, H.K. Roscoe,
and D.J. Oldham ......................................... 671
Measurements of the Total Column Amount of NO 2 at "Kislovodsk"
Observatory in 1979-1990
N.F. Elansky, A. Y. Arabov, O.V. Makarov, V.V. Savastyuk
and I.A. Senik .......................................... 675
Polarimetric Method of Estimation of Vertical Aerosol
Distribution in Application to Observations of Ozone and NO 2
N.F. Elansky, E.A. Kadyshevich and V.V. Savastyuk ....... 679
Near Simultaneous Measurements of NO 2 and NO 3 Over Tropics
by Ground Based Absorption Spectroscopy
M. Lal, D.K. Chakrabarty, J.S. Sidhu and S.R. Das ....... 683
Derivation of Water Vapour Absorption Cross-Sections in
the Red Region
M. Lal and D.K. Chakrabarty ............................. 687
First Measurements of the New CiO-mm-Wave Sounder at the
Jungfraujoch Alpine Station
L. Gerber and N. Kampfer ................................ 691
Total Ozone and Total NO 2 Latitudinal Distribution Derived
from Measurements in the Atlantic Ocean in May 1988
A.S. Elokhov and A.N. Gruzdev ........................... 695
×ix
Variation of Stratospheric NO2 During the Solar Eclipse
N.F. Elansky and A.S. Elokhov ........................... 699
The Determination of HNO 3 Column Amounts from Tunable Diode
Laser Heterodyne Spectrometer Spectra Taken at Jungfraujoch,
Switzerland
P.F. Fogal, D.G. Murcray, N.A. Martin, N.R. Swann,
P.T. Woods and C.T. McElroy ............................. 703
Ozone Ground-Based Measurements by the "GASCOD" Near-UV and
Visible DOAS System
G. Giovanelli, P. Bonasoni, M. Cervino, F. Evangelisti
and F. Ravegnani ........................................ 707
Quality Control Concept and Recent Developments of the Light
Climatic Observatory at Arosa - Ozone Measuring Station of
the Swiss Meteorological Institute (LKO)
B. Hoegger, P. Viatte, G. Levrat, J. Bader, P. Ribordy,
H. Schill and J. Staehelin .............................. 711
Ozone and NO 2 Measurements from Aberystwyth and Lerwick
L.M. Bartlett and G. Vaughan ............................ 715
A New High-Sensitivity Superconducting Receiver For mm-Wave
Remote-Sensing Spectrosocopy of the Stratosphere
R.L. de Zafra, W.H. Mallison, M. Jaramillo, J.M. Reeves
L.K. Emmons and D.T. Shindell ........................... 719
Continuous Measurements of the Total Ozone Content in the
Full Moon Period
A.G. Ishov .............................................. 723
Detection of Stratosphere Troposphere Exchange in Cut-Off
Low Systems
J.D. Price and G. Vaughan ............................... 727
A Star-Pointing UV-Visible Spectrometer for Remote-Sensing
of the Stratosphere
H.K. Roscoe, R.A. Freshwater, R.L. Jones, D.J. Fish
J.E. Harries, R. Wolfenden and P. Stone ................. 731
Possibility to Sound the Atmospheric Ozone by a Radiosonde
Equipped With Two Temperature Sensors, Sensitive and
Non-Sensitive to the Long Wave Radiation
T. Kitaoka and T. Sumi .................................. 735
Seasonal Cycle in Atmospheric HCI at 45°S
W.A. Matthews, N.B. Jones, P.V. Johnson, C.P. Rinsland
and A. Goldman .......................................... 739
XX
UV-Observations with a Brewer Spectrophotometer at
Hohenpeissenberg
W. Vandersee and U. Kohler .............................. 742
03, S02, NO 2 and UVB Measurements in Beijing and Baseline
Station of Northwestern Part of China
G. Song, Z. xiuji and Z. Xiaochun ....................... 746
An Automated Optical Wedge Calibrator for Dobson Ozone
Spectrophotometers
R.D. Evans, W.D. Komhyr and R.D. Grass .................. 749
The Updated Statistical Inversion Technique to the Evaluation
of Umkehr Observations
A.D. Frolov and S.P. Obrazcov ........................... 754
Ozone Height Profiles Using Laser Heterodyne Radiometer
S.L. Jain ............................................... 758
Ozone and Nitrogen Dioxide above the Northern Tien Shan
V.N. Aref'ev, O.A. Volkovitsky, N.E. Kamenogradsky,
V.K. Semyonov and V.P. Sinyakov ......................... 762
Ambient Temperature Effects on Broadband UV-B Measurements
Using Fluorescent Phosphor (MgW0_)-Based Detectors
B.K. Dichter, D.J. Beaubien and A.F. Beaubien ........... 766
Comparison Between Brewer Spectrometer, M 124 Filter
Ozonometer and Dobson Spectrophotometer
U. Feister .............................................. 770
The Measurement of Ultaviolet Radiation and Sunburn Time Over
Southern Ontario
W.F.J. Evans ............................................ 774
The Ground-Based Measurement of Ozone in the 9.6 Micron Band
W.F.J. Evans and E. Puckrin ............................. 778
Lidar measurements and Umkehr Observations of the Ozone
Vertical Distribution at the Observatoire de Haute Provence
A-M. Lacoste, S. Godin and G. Megie ..................... 782
Comparison of UV-B Measurements Performed with a Brewer
Spectrophotometer and a New UVB-I Broad Band Detector
A.F. Bais, C.S. Zerefos, C. Meleti and I.C. Ziomas ...... 786
Inclusion of the Second Umkehr in the Conventional Umkehr
Retrieval Analysis as a Means of Improving Ozone Retrievals
in the Upper Stratosphere
K. Gioulgkidis, R.P. Lowe and C.T. McElroy .............. 790
××i
The Canadian Ozone Watch and UV-B Advisory Programs
J.B. Kerr, C.T. McElroy, D.W. Tarasick and D.I. Wardle.. 794
SAGE II-Umkehr Case Study of Ozone Differences and Aerosol
Effects from October 1984 to April 1989
M.J. Newchurch and D.M. Cunnold ......................... 798
AIRCRAFT, BALLOON, AND SONDE MEASUREMENTS
The 1991 WMO Ozone Sonde Intercomparison
J.B. Kerr, C.T. McElroy, H. Fast, S.J. Oltmans,
J.A. Lathrop, E. Kyro, A. Paukkunen, H.J. Claude,
U. Kohler, C.R. Sreedharan, T. Tako and Y. Tsukagoshi... 807
Measurements of Stratospheric Ozone by Rocket Ozonesondes
in Japan
T. Watanabe and T. Ogawa ................................ 811
The Discrepancy Between Stratospheric Ozone Profiles From
Balloon Soundings and From Other Techniques: A Posssible
Explanation
D. De Muer and H. De Backer ............................. 815
Stratospheric Ozone Measurements at the Equator
M. Ilyas ................................................ 819
Vertical Distribution of CH 4 and N20 Over the Tropical Site
Hyderabad
S. Lal, B.H. Subbaraya, P. Fabian and R. Borchers ....... 823
1990 Vertical Distribution of Two Important Halons - F-12BI
and F-13BI - in the Tropics
O.N. Singh, R. Borchers, S. Lal, B.H. Subbaraya,
B.C. Kruger and P. Fabian ............................... 827
Balloon Measurements of Stratospheric HCI and HF By Far
Infrared Emission Spectroscopy
K. Shibasaki, K.V. Chance, D.G. Johnson, K.W. Jucks
and W.A. Traub .......................................... 831
Universal Trace Pollutant Detector for Aircraft Monitoring
of the Ozone Layer and Industrial Areas
I.V. Filiouguine, S.V. Kostiouchenko, N.N. Koudriavtsev. 835
First Ozone Profiles Measured with Electrochemical and
Chemiluminescent Sondes, Developed in Russia
A.M. Zvyaguintsev, S.P. Perov and Y.A. Ryabov ........... 839
The MIPAS Balloon Borne Trace Constituent Experiment
H. Oelhaf, Th.V. Clarmann, H. Fischer, F. Friedl-Vallon,
Chr. Fritzsche, Chr. Piesch, D. Rabus, M. Seefeldner
and W. Volker ........................................... 842
Local Fluctuations of Ozone From 16 km to 45 km Deduced from
in Situ Vertical Ozone Profile
G. Moreau and C. Robert ................................. 846
Aircraft Measurements of NO and NOy at 12 km Over the Pacific
Ocean
M. Koike, Y. Kondo, Y. Makino and Y. Sugimura ........... 849
On the Laminated Structure of Ozone in the Sub-Tropical
Atmosphere
C. Varotsos, P. Kalabokas and G. Chronopoulos ........... 854
The Latitudinal Distribution of Ozone to 35 km Altitude From
ECC Ozonesonde Observations, 1982-1990
W.D. Komhyr, S.J. Oltmans, J.A. Lathrop, J.B. Kerr
and W.A. Matthews ....................................... 858
Lidar Observation of Ozone Over Tsukuba (36°N, 140°E)
H. Nakane, S. Hayashida, I. Matsui, N. Sugimoto,
A. Minato and Y. Sasano ................................. 863
On Vertical Profile of Ozone at Syowa
S. Chubachi ............................................. 867
Investigation of Catalytic Reduction and Filter Techniques
for Simultaneous Measurements of NO, NO 2 and HNO 3 in the
Stratosphere
J. Wendt, P. Fabian, G. Flentje and K. Kourtidis ........ 870
SATELLITE MEASUREMENTS
Global Ozone Data from the Meteor-3/TOMS Ultraviolet
Spectrometer
J.R. Herman, A. Krueger, C. Cote, Z. Ahmad, M. Foreman,
C. Wellemeyer, W. Byerly, L. Pan, G. Jaross, R. Hudson,
V. Dosov, R. Salichov, Y. Borisov, A. Kondratiev,
B. Kugaenko and H. Samvelyn ............................. 877
Status of the Shuttle SBUV (SSBUV) Calibration of the NOAA
SBUV/2 Operational Ozone Sounders and the Detection of Trends
E. Hilsenrath, R.D. McPeters and R.P. Cebula ............ 883
Ozone Determinations with the NOAA SBUV/2 System
W.G. Planet, J.H. Lienesch, H.D. Bowman, A.J. Miller
and R.M. Nagatani ....................................... 887
xxiii
SPEAM-II Experiment for the Measurement of Stratospheric NO2,
03 and Aerosols
C.T. McElroy, L.J.B. McArthur, J.B. Kerr, D.I. Wardle,
D. Tarasick and C. Midwinter ............................ 891
Mesospheric Ozone Measurements by SAGE II
D.A. Chu and D.M. Cunnold ............................... 895
An Asymptotic Method for Estimating the Vertical Ozone
Distribution in the Earth's Atmosphere from Satellite
Measurements of Backscattered Solar UV-Radiation
A. G. Ishov ............................................. 899
A New Method for Monitoring Long Term Calibration of the
SBUV and TOMS Instruments
Z. Ahmad, C. Seftor and C.G. Wellemeyer ................. 903
Profile Shape Dependence in Backscattered Ultraviolet
Satellite Retrievals of Total Ozone
S.L. Taylor, C.J. Seftor, C.G. Wellemeyer, K. Klenk
and R.D. McPeters ....................................... 907
External Comparisons of Reprocessed SBUV/TOMS Ozone Data
C.G. Wellemeyer, S.L. Taylor, R.R. Singh and
R.D. McPeters ........................................... 911
Effect of Stratospheric Aerosol Layers on the TOMS/SBUV Ozone
Retrieval
O. Torres, Z. Ahmad, L. Pan, J.R. Herman, P.K. Bhartia
and R. McPeters .......................................... 915
Effect of Partially-Clouded Scenes on the Determination of
Ozone
C.J. Seftor, S.L. Taylor, C.G. Wellemeyer
and R.D. McPeters ....................................... 919
Procedures to Validate/Correct Calibration Error in Solar
Backscattered Ultraviolet Instruments
S.L. Taylor, R.D. McPeters and P.K. Bhartia ............. 923
Changes in Photochemically Significant Solar UV Spectral
Irradiance as Estimated by the Composite MG II Index and
Scale Factors
M.T. Deland and R.P. Cebula ............................. 927
Performance Evaluation of the Solar Backscatter Ultraviolet
Radiometer, Model 2 (SBUV/2) Inflight Calibration System
H. Weiss, R.P. Cebula, K. Laamann and R.D. McPeters ..... 931
The Accuracy of Temperature Distributions Used to Derive
the Net Transport for a Zonally Averaged Model
E.E. Remsberg and P.P. Bhatt ............................ 934
xxi_,'
The Use of Visible-Channel Data From NOAA Satellites to
Measure Total Ozone Amount Over Antarctica
R.D. Boime, S.G. Warren and A. Gruber ................... 938
Post Launch Performance of the METEOR-3/TOMS Instrument
G. Jaross, Z. Ahmad, R.P. Cebula and A.J. Krueger ....... 942
SSBUV Middle Ultraviolet Solar Spectral Irradiance
Measurements
R.P. Cebula and E. Hilsenrath ........................... 946
GOMOS-Global Ozone Monitoring by Occultation of Stars
G.W. Leppelmeier, E. Kyrola, R. Pellinen, P. Merat,
S. Korpela, J.L. Bertaux, E. Chassefiere, F. Dalaudier
and G. Megie ............................................ 950
Simulation and Data Processing of GOMOS Measurements
E. Krola, E. Sihvola, L. Oikarinen, J. Tamminen
and H. Haario ........................................... 954
Ozone Profile Retrievals from the ESA GOME Instrument
R. Munro, B.J. Kerridge, J.P. Burrows and K. Chance ..... 958
Ground-Based Intercomparisons of SBUV/2 Flight Instruments,
the World Standard Dobson Spectrophotometer 83 and Overpass
Observations from Nimbus-7 TOMS and NOAA-II SBUV/2
D.F. Heath, Z. Ahmad, O. Torres, R.D. Evans, R.D. Grass,
W.D. Komhyr and W. Nelson ............................... 962
APPENDIX
Author Index ................................................. A-I
XXV

STRATOSPHERE
RESULTS FROM THE
UPPER ATMOSPHERE RESEARCH SATELLITE
437

